Objective: The present study aims to evaluate the prognosis and response to treatment relationship of baseline clinical and hematological parameters including eosinophil counts, neutrophil/lymphocyte ratio, levels of lactate dehydrogenase (LDH) and beta-2 microglobulin, flow cytometry and initial modified Severity Weighted Assessment Tool (mSWAT) scores in patients with mycosis fungoides (MF). Methods: Medical records of 112 patients with the diagnosis of early-stage MF were examined retrospectively. Data of the patient and disease characteristics, and baseline laboratory tests were reviewed and evaluated in terms of stage and treatment response. Results: In this study, patients were classified into two groups: responders and nonresponders. Complete and partial responses were observed in 79 (70%) patients. Eight patients (7%) developed relapse in the follow-up period. In the staging groups (IA, IB, IIA), the frequency of elevated beta-2 microglobulin was different among all parameters. When the results were compared based on clinical responsiveness, until the time to diagnosis was significantly longer in non-responder patients than responders. High mSWAT scores, elevated beta-2 microglobulin and LDH levels, and plaque-type lesions were more frequent in non-responder patients. Conclusion: Our study demonstrates that extensive screening tests may not be very meaningful in patients with early-stage MF. mSWAT scores, beta-2 microglobulin, and LDH tests should be evaluated as useful measurements in prediction the response to treatment. Keywords: Early-stage mycosis fungoides, Modified Severity Weighted Assessment Tool, prognostic biomarkers, screening tests Amaç: Bu çalışma mikozis fungoides (MF) hastalarında eozinofil sayısı, nötrofil/lenfosit oranı, laktat dehidrogenaz (LDH) ve beta-2 mikroglobulin seviyesi, akım sitometrisi ve başlangıç modifiye Şiddet Ağırlıklı Değerlendirme Ölçeği (mSWAT) skorunun dahil olduğu başlangıç klinik ve hematolojik parametrelerinin prognozla ve tedaviye cevapla ilişkisini değerlendirmeyi amaçlamaktadır. 
Introduction
Cutaneous T cell lymphomas (CTCLs) which are characterized with clonal expansion of malignant T lymphocytes in the skin are a rare group of hematological malignancies. The most common subtype of CTCLs is mycosis fungoides (MF) (1) . Clinical presentation may be highly variable but most patients present with stage I disease with indolent course. However, in some cases with early-stage MF the disease may progress to late stage or leukemic form of MF or may transform to high grade lymphoma (2, 3) . Thus, adverse prognostic markers should be considered as well as risk benefit ratio of the treatment modality, comorbidities of the patients and accessibility of the treatment. The prognosis of patients with MF mainly depends on clinical stage. For today, MF is staged using revised tumornode-metastasis-blood classification which was proposed by International Society for Cutaneous Lymphomas and European Organization for the Research and Treatment of Cancer (EORTC) (4) . Early-stage MF disease (stage IA-IIA) has a favourable prognosis. However, stage IIA has a poorer prognosis than stage I (5). Owing to the prognostic heterogenity within these staging groups, there is still need for clarifying markers with prognostic significance. Because of low incidence of CTCLs, well described risk factors associated with aggressive course of early-stage MF are lacking in the literature. In this study, we conducted a chart review of demographical characteristics, baseline screening blood parameters including complete blood count, lactate dehydrogenase (LDH) and beta-2 microglobuline levels, flow cytometry findings, neutrophil/lymphocyte ratio (NLR), modified Severity Weighted Assessment Tool (mSWAT) scores and therapy responses of 112 patients with early-stage MF. We also investigated the link between these parameters and clinical responsiveness of the patients.
Methods

Study design
We retrospectively evaluated records of all MF/Sezary syndrome patients (187) who were diagnosed with MF in our clinic from 2014 to 2018. Patients with advanced stage MF and inadequate data were excluded from the analysis. We analysed the data of 112 patients who were diagnosed with early-stage MF in our department. Medical records of the patients who were followed for at least 1 year in our department were reviewed. Our study was performed to evaluate clinical and laboratory characteristics of the patients with stage IA, IB and IIA MF. The study protocol was approved with the code of E18-E1819 by the Ankara Numune Training and Research Hospital Local Ethics Committee of our hospital.
Patients
One hundred-twelve patients (50 female, 62 male) were included in this retrospective study. The patients were diagnosed with MF according to the clinicopathological criteria of world health organization/EORTC classification system (1) . Demographical data, medical history, complete physical examination findings were reviewed. Also, following data were collected from the records: age at diagnosis, presence or absence of coexistent diseases, time to diagnosis (months), type of primary lesion (patch and/or plaque type lesions), clinical stage of the disease, mSWAT scores at baseline (6), treatment type and response to treatment. Response to treatment was identified based on the review of medical charts and defined as complete [complete resolution (CR) of lesions] and partial response (PR) (improvement in 50-99% of baseline lesions) in patients without new lesion (patch and/or plaque) development. Patients with stabile, progressive disease (PD) or relapsing lesions were classified as non-responders. Stabile disease (SD) was identified in patients with occurrence of a <25% or resolution of <50% of baseline lesions. Patients with increase of ≥25% in baseline lesions were grouped as having PD. Relapse was noted in patients who developed any recurrence after a CR (6).
Laboratory Parameters
The following parameters were analysed in stage IA, IB and IIA MF patients in the light of clinical response to the treatment: eosinophil count, presence of eosinophilia, NLR, LDH levels, beta-2 microglobulin levels, flow cytometry findings (percentage of CD3+, CD3+4+, CD3+8+, CD5+, CD7+, CD26+ T cells, CD4/CD8 ratio). CD4/CD8 >5 was considered as elevated. We also assessed the clinical significance of presence of increased subsets of CD3+/CD4+ T cells with negativity of CD7 and/or CD26.
NLR was calculated based on complete blood count of patients and median value of NLR was identified as cut-off. For the (%7) relaps izlenmiştir. Evreleme gruplarında (IA, IB, IIA) tüm parametreler içerisinde yükselmiş beta-2 mikroglobulin sıklığı farklı idi. Klinik cevaplılığa göre sonuçlar kıyaslandığında teşhise dek geçen süre cevapsız hastalarda cevap verenlere göre belirgin derecede daha uzundu. Yüksek mSWAT skoru, yükselmiş beta-2 mikroglobulin ve LDH seviyeleri ve plak tip lezyonlar cevapsız hastalarda daha sıktı. Sonuç: Çalışmamız erken evre MF hastalarında kapsamlı tarama testlerinin çok anlamlı olmayabileceğini ortaya koymaktadır. mSWAT skorları, beta-2 mikroglobulin ve LDH testleri tedaviye cevabın tahmin edilmesinde yararlı ölçümler olarak değerlendirilmelidir. Anahtar kelimeler: Erken evre mikozis fungoides, Modifiye Şiddet Ağırlıklı Değerlendirme Ölçeği, prognostik biyobelirteçler, tarama testleri Öz analyses of eosinophil count, LDH and beta-2 microglobulin, each value above upper limit was categorized as "elevated". The normal ranges of the laboratory parameters accepted in this study were as follows: eosinophil blood count (absolute) 0-0.4 10 3/µL, eosinophil count (%) 0.9-4, LDH 25-248 U/L, beta-2 microglobulin 1.09-2.53 mg/L.
Statistical Analysis
Statistical analyses were carried out using SPSS software (version 21.0 for Windows; SPSS Inc, Chicago, IL, USA). Parametric variables were presented as means and standart deviations and nonparametric variables were presented as medians and interquartile ranges. For categorical variables number of cases and percentages were used. Chi-square or Fischer's exact test were used for analyzing categorical variables. Kolmogorov-Smirnov and histogram analyses were used to determine whether continous variables were normally distributed. Normally distributed numeric variables were analysed using Student's t-test and ANOVA. MannWhitney U and Kruskal-Wallis tests were used for comparing nonnormally distributed numeric variables. Correlations of numeric variables were assessed by Spearman and Pearson tests.
Results
Demographical and Clinical Characteristics
Demographical and clinical characteristics are summarized in Table 1 . Fifty female and 62 male patients included in the study. Among staging groups (stage IA, IB and IIA) and treatment response groups (responsive and unresponsive), male/female ratio was similar (p>0.05). Mean age at diagnosis was 46.3 in stage IA, 53.6 in stage IB, and 58.8 in stage IIA (p=0.015) ( Table 2 ) . However, there was no difference regarding mean age at diagnosis in between responders (51.3 years) and non-responders (51.9 years) (p>0.05).
Primary lesion type (patch and/or plaque) was significantly different in responders and non-responders (p=0.035). Median value of time to diagnosis was similar in staging groups but significantly higher in patients without treatment response (60 months) than responsive patients (20 months) (p=0.005). Median mSWAT scores were as follows: 7.5 (stage IA), 13 (stage IB), 18 (stage IIA) (p<0.001). In non-responders median mSWAT score (mSWAT=13) was significantly higher than responders (mSWAT=9) (p=0.042). There was no statistically significant relationship between presence of coexistent disease and treatment response status. Patients were followed for a median of 21 [interquartile range (IQR): 14-29] months after initial presentation.
Treatment Responses
Eighty seven percent of patients (97/112) treated with firstline therapy. Of these 97 patients, 51 patients (45%) achieved CR. Six of these patients developed relapse at the time of (6/15) in patients who were treated with second-line treatments. Relapse rates in patients who achieved CR were as follows: 11% (6/51) in patients with first-line treatment, 33% (2/6) in patients with second-line treatment. Thus, totally 49 patients had achieved relapse free CR (Table 1 ). Switching to second line therapies because of SD, PD or relapse was noted in 16 (16%) of patients with first-line treatments. Treatment responses at the time of data analyses were summarized in the Table 1 .
Peripheral Blood Flow Cytometry Findings
No significant difference was observed in presence of elevated CD4/CD8 ratio, median value of CD4/CD8 ratio and CD7 loss (CD4+/CD7-, 40% or more) among each stage group. Percentage of CD4+/CD26-cells were increasing in parallel with the stage of disease but this did not reach statistical significance (p>0.05) ( Table 2 ). None of the baseline peripheral blood flow cytometry findings were predictive for response to treatment modalities.
Beta-2 Microglobulin Levels
Beta-2 microglobulin levels were significantly different among staging groups (p=0.001) (stage IA, 1.97, stage Ib 2.17, stage IIA 2.45). Stage of the disease and median beta-2 microglobulin levels were found to be positively correlated (p<0.001, r=0.433). Also, beta-2 microglobulin levels were significantly higher in non-responders (p<0.05) (median beta-2 microglobulin 2.45 (IQR: 2.07-3.18) in non-responders, median beta-2 microglobulin 2.01 (IQR: 1.85-2.18) in responder patients) ( Table 3) .
LDH Levels
In 38 (33%) patients high serum LDH levels (>248 U/L) were found. However there was not any association between disease stage and elevated LDH levels (p>0.05) ( Table 2) . Median serum LDH levels were similar but elevated levels of LDH (>248 U/L) were more frequent in patients without response (p=0.008) ( Table 3) .
NLR and Eosinophil Counts
The median NLR was 1.98 (range 1.53-2.53). In 55 patients (49%) NLR was >2. There was not any difference in NLR between staging groups (p>0.05). Also no correlation was detected between clinical responsiveness and NLR results ( Table 3) .
Median eosinophil counts are seen Table 2 . Eosinophilia was observed in 22 (19%) patients. A comparison of eosinophil levels and presence of eosinophilia with respect to staging and clinical responsiveness did not reveal a significant difference.
Comparison of Clinical Characteristics and Baseline Biomarkers with Respect to Relapse
Among total of 57 patients who achieved CR, we found a relapse in 8 (14%) patients in the follow-up period. Regarding the disease characteristics of relapse factors there was no significant relation between relapse and gender, age at diagnosis, stage, primary lesion at initial presentation, mSWAT score (p>0.05). However; time to diagnosis was significantly higher in relapsed patients (66 months versus 12 months, p=0.044) A comparison of baseline laboratory biomarkers with respect to relapse indicated that median value of baseline beta-2 microglobulin levels was higher in relapsed group (2.69 versus 2.17, p=0.045) while there was no difference between relapsed group and relapse-free patients in terms of baseline eosinophilia, NLR, serum LDH levels, CD4+/CD8+ ratio, presence of CD7 and CD26 loss. (8, 10 ). We could not find any correlation between demographical characteristics including older age and male sex and poor prognosis in our study group. The presence of plaques in early stage disease has been reported to be associated with progression risk (5, 7, 11) . In accordance with these findings, presence of plaques with or without patches was significantly different between responders and non-responders (19% in responders versus 57% in non-repsonders). Thereby, our findings confirm that absence of plaque lesions at presentation correlates with a favourable prognosis in patients with early-stage MF. In addition, in these patients time to diagnosis was considerably shorter than patients without response. However there was no difference in terms of clinical staging between treatment response groups. The mSWAT is a validated tool for identifying tumor burden in clinical studies (6, 12) . Despite the fact that this is a reliable tool which is used to assess clinical endpoints, it is not included in clinical staging (5) . We analyzed relevance of baseline mSWAT scores which may be predictive for those patients with a poor prognosis. In fact in patients with a PR or CR, mSWAT scores were significantly lower than patients with PD, SD or relapse. Recently, besides many other solid malignancies, elevated NLR was demonstrated in patients with lymphoma (13-15). Furthermore, it has been suggested that increased neutrophil count may serve as a marker of inflammation and decreased lymphocyte may encourage immunosuppression which correlates with a worse outcome in these patients (16, 17) . Authors have demonstrated high NLR in correlation with poor prognosis in patients with MF (18) . On the contrary, there was no link between progression status and NLR levels of early stage MF patients in another study evaluating data of 117 patients.
Similarly, in our study we could not detect a difference between responders and non-responders regarding baseline NLR. Also, staging groups exhibited similar NLR at diagnosis. It is possible that high NLR at diagnosis may be predictive for only patients with advanced stage.
Tancrede-Bohin et al. (19) reported that blood eosinophilia at baseline is a prognostic marker in patients with CTCL. In addition blood eosinophilia has been associated with less responsiveness to treatment (20) . However, in both our study and that by Cengiz et al. (18) there was no association between blood eosinophilia and unfavourable prognosis.
Definitive explaining for this finding may be ethnical differences as it was proposed by Zampella et al. (20) . Of note, since the present study included patients with early stage MF which has indolent course, these results seem to be expectable.
It has been shown that raised beta-2 microglobulin levels may correlate with disease progression and a poor prognosis (7, 21) . Consistently, we observed significant difference in frequency of elevated beta-2 microglobulin levels among staging groups (IA,IB, IIA) and treatment response groups (responders vs. non-responders). All other analyses regarding staging groups (IA, IB and IIA) revealed that there were no other differences. As it was reported in previous reports, in our study, baseline LDH levels were higher in nonresponders (5, 22) . Moreover, in patients with relapse initial beta-2 microglobulin levels were higher than relapse free patients.
CD26 which is expressed in the majority of circulating lymphocytes in peripheral blood is a surface proteolytic enzyme (23) . Detection of CD26-population in peripheral blood seems to be highly characteristics of MF/Sezary syndrome tumor cells (24) . We observed loss of CD26 in 30.3% of our patients. These results were quietly similar to those reported by Kelemen et al. (25) who noted that CD26-T cell clone was seen in 33.3% of MF patients. However, the clinical relevance of low level peripheral blood involvement in patients with skin limited MF has not been studied so far. Notably, even so statistical significance could not be reached CD26 negativity exhibited gradually increase from stage IA to IIA in our study. On the other hand loss of CD7 expression was observed in 5 (4%) patients.
In our study we had low number of patients (8/112) with relapse. So, we were unable to detect a significant difference in many of the parameters between relapsed and relapse-free groups. Nevertheless, it is worth to consider that relapsed patients had remarkably longer time to diagnosis.
Study Limitations
Main limitations of this study were retrospective singlecenter study design and relatively small sample size because of rarity of the condition. Also the median follow-up period was short among study population. The present study evaluates clinical characteristics and baseline hematological screening tests of patients with the diagnosis of early-stage MF at initial presentation.
Conclusion
In conclusion, in early stage MF patients, extensive routine work-up at diagnosis not appears to be of high yield. Currently, flow cytometric analyses are optional for stage IA disease (26) . Any of the other immunophenotypic criteria, NLR, presence of eosinophilia don't seem to be useful to estimate clinical responsiveness of the patients. To date, the prognostic significance of mSWAT score has not been studied for early stage disease. In particular, we may speculate that mSWAT scores at diagnosis, presence of plaque lesions, initial beta-2 microglobuline and LDH levels may be informative in terms of prognosis and treatment responses of early-stage MF patients. Future large prospective studies are required to determine relevance of these clinical and laboratory parameters.
